ABSTRACT: A total of 36 gilts were used to assess the effects of Cr tripicolinate supplementation on immune response in sows and their offspring during the periparturient and neonatal period. Gilts were raised from weaning to reproductive age on diets with either 0 (−Cr) or 200 (+Cr) ppb supplemental Cr from CrPic. Subsequently, 22 gilts (9 −Cr and 13 +Cr) in parity 1 and 16 sows in parity 2 (7 −Cr and 9 +Cr) underwent immune status testing. Only sows that completed all procedures in parity 1 were included in parity 2. Sows were immunized with ovalbumin about 3 wk (d 0), and again 14 d later for gilts, prior to anticipated farrowing, and serum was collected on d 0 and at 14-d intervals for a total of four samples. Serum was collected from five to six pigs/litter at 24 h after birth, three or six pigs/litter the day after weaning (25 d of age) in parity 1, and three pigs/litter the day of weaning (20 d of age)
Introduction
Many physiological criteria, including immunological function, are improved by trivalent Cr, and the effects seem to be more pronounced during times of stress (Borgs and Mallard, 1998) . The immune system is nega-456 in parity 2. Milk was collected at 1 h (colostrum), 6.5 d (early), and 19 d (late) after farrowing. The only effect of Cr on total immunoglobulin (Ig) concentration was on sow serum IgG (21.7 and 24.1 mg/mL for −Cr and +Cr, respectively; P = 0.08) and IgM (11.0 and 12.5 mg/ mL; P = 0.06) on d 0. No effect (P > 0.15) of Cr was observed on the IgG antibody response to ovalbumin, but Cr was associated (P < 0.10) with a decreased IgM antibody response to ovalbumin beginning on d 14. In parity 2, colostral total IgG increased (80.6 and 92.4 mg/mL for parity 1 and 2, respectively; P = 0.06), which was reflected in the neonates at 24 h after birth (33.6 and 39.7 mg/mL; P = 0.01) and at weaning (7.3 and 13.3 mg/mL; P < 0.001). Supplementation of Cr tripicolinate had minimal effects on humoral antibody response of the dam or its transfer to the neonate; however, parity greatly influenced the concentrations of immunoglobulins in the milk and their transfer to the neonate. tively affected during stress. The relationship between Cr and immune function has been explored much more fully in cattle than in swine. Total immunoglobulin (Ig) concentrations of IgG 1 and IgM were increased after transport stress in calves supplemented with high-Cr yeast (Chang and Mowat, 1992; Moonsie-Shageer and Mowat, 1993) . Chelated Cr supplementation has also increased antibody production in response to ovalbumin in periparturient dairy cows. The most notable effects were seen during late gestation, at parturition, and near the time of peak milk production, which are all periods of physiological stress (Burton et al., 1993) . As with many other criteria that Cr affects, it is possible that Cr affects immune function in swine and cattle in much the same way. Supplementation of Cr nicotinate to pigs after weaning resulted in an increased antibody production to sheep red blood cells and a decreased antibody production in response to ovalbumin when measured 14 d following immunization (van Heugten and Spears, 1997) . Chromium chloride, Cr nicotinate, and Cr picolinate supplementation in weanling pigs enhanced lymphocyte blastogenesis in response to pokeweed mitogen, but not in response to phytohemag-glutinin (van Heugten and Spears, 1997) . Late gestation through lactation and the early neonatal period are times of physiological stress in swine; because the effects of Cr are more pronounced during times of stress, these periods present a suitable target to further assess the effect of trivalent Cr on immunological function in swine.
Materials and Methods

Animals and Diets
Forty-six crossbred (Hampshire × Yorkshire) gilts were selected at weaning from eight litters born in March 1996 to be used in an experiment that was conducted under protocols approved by the University of Kentucky Institutional Animal Care and Use Committee. Within each litter, gilts were allotted to two dietary treatments containing either 0 (−Cr) or 200 (+Cr) ppb Cr from Cr tripicolinate (Chromax, Prince Agri Products, Quincy, IL). Gilts were maintained on their respective dietary treatments throughout the growth, development, and reproductive phases (two parities) of the experiment. During all phases of the experiment, nutrient levels in the corn-soybean meal-based diets met or exceeded NRC (1988) requirement estimates.
Gilts were weaned at 20 to 24 d of age with a mean weight of 6.6 ± 1.3 kg and housed in a temperaturecontrolled nursery building with five to six pigs per 0.91-× 2.13-m pen. The pens were elevated with plasticcoated, welded wire flooring, and each pen contained a five-hole stainless steel feeder. A prestarter diet was fed for 7 d, followed by a starter diet for the next 28 d (Table 1) . At this time the gilts weighed an average of 23 kg, and the diets were changed to grower diets (Table  1) . Two weeks later gilts were moved to a temperatureregulated grow-finish facility and housed five to six pigs per 1.2-× 4.4-m pen. Each pen contained a two-hole wooden feeder and the rear 1.5 m was slatted with concrete slats. Diets were changed from grower diets to finisher diets after 56 d (Table 1) . Finisher diets were fed for the remainder of the growth phase of the experiment. Water was supplied with water nipples. Gilts had ad libitum access to both feed and water throughout the entire nursery and growth phase.
Gilts underwent a selection process for health and reproductive soundness at the conclusion of the growth phase (mean weight of 123 kg and mean age of 190 d) in September 1996. The selection process evaluated structural and production characteristics and health status. Thirty-six of the original 46 gilts were retained for the reproductive phase of the experiment. Gilts were moved to a temperature-regulated breeding facility in either November 1996 or January 1997 based on body weight and litter of origin. Three to four gilts were housed per 2.3-× 3.1-m pen (the rear 40% was slatted) through the breeding period. During gestation, the gilts were housed in individual gestation stalls (0.61-× 2.13-m) with the rear 0.66 m slatted with concrete slats.
Feeding level was changed from ad libitum to individual meal access after selection of the gilts for the reproductive phase and diets were changed to gestation diets (Table 2) . Individual floor feeding at a level of 1.9 kg/ d was maintained throughout breeding and gestation, and water was available from water nipples for ad libitum consumption.
On approximately d 108 of gestation, gilts were moved to a temperature-regulated farrowing facility and placed in elevated farrowing stalls (0.61-× 2.13-m) with plastic-coated, welded wire flooring. Diets were changed to lactation diets (Table 2 ) and fed at 1.9 kg/ d until farrowing. After farrowing, feeding level was increased to 3.2 kg/d and subsequently increased every 3 to 4 d from 3.2 kg/d to 4.5 kg/d to 6.3 kg/d if the sow consumed all feed offered within 24 h. Feed was provided from self-feeders, and water was available from water nipples for ad libitum consumption. Following weaning on approximately d 21 of lactation, sows were returned to the breeding facility to be rebred for the second parity.
Routine Management Procedures
Gilts were vaccinated for erysipelas and leptospirosis upon incorporation into the breeding herd and after weaning their first litter. Internal parasite control was administered approximately 2 to 3 wk after breeding and 3 to 4 wk prior to farrowing. Gilts and sows were artificially inseminated twice upon demonstration of estrus and checked for pregnancy by ultrasonic examination 40 d after insemination (Preg-Sensor 1, Model 12V-100, Agri-Electronics, Minneapolis, MN). They were weighed at breeding, d 108 of gestation, within 24 h after farrowing, and at weaning on approximately d 21 of lactation. Sow backfat (10th rib) was determined by ultrasound (Lean-meater, Renco, Minneapolis, MN) on d 108 of gestation and at weaning.
The number of pigs born (alive and dead) and the birth weight of each pig were recorded within 24 h of farrowing. In addition, pigs were ear-notched and injected with 150 mg of Fe as Fe dextran, and the needle teeth were clipped. Male pigs were castrated at approximately 2 wk of age. Creep feed was not offered, but access to the sow's feed was not restricted. Individual pig weights were recorded weekly throughout lactation and at weaning.
Immune Response Testing
During parity 1, gilts were injected i.m. approximately 3 wk prior to parturition and again 14 d later with 4 mg of ovalbumin (Grade VII, Sigma Chemical, St. Louis, MO) suspended in 2 mL of a 1:1 (vol/vol) solution of PBS and Freunds' incomplete adjuvant (Sigma Chemical). During parity 2, sows were again injected i.m. with the ovalbumin solution at approximately 3 wk prior to parturition. For sows to be eligible to participate in parity 2, they must have successfully completed the immunization protocol in parity 1. Injection of ovalbumin 3 wk prior to parturition allowed adequate time for antibodies produced in response to ovalbumin (α-ovalbumin) to appear in colostrum (J. van de Ligt, unpublished data). Piglets were not injected with ovalbumin. Ovalbumin was chosen because it allowed primary exposure to an antigen to occur under experimental conditions and has been used extensively in previous immunological research with cattle and swine receiving supplemental Cr.
Serum samples from the gilts and sows were collected by jugular venipuncture immediately before the initial ovalbumin injection of each parity and at 14-d intervals throughout the remainder of gestation and lactation,. for a total of four samples per parity. Colostrum samples were collected within 1 h after birth of the first pig. Milk samples were collected to represent early lactation (1st wk of lactation), and late lactation (3rd wk of lactation). Equal amounts of colostrum or milk were handexpressed from each functional teat for a total collection of at least 50 mL. Oxytocin (40 USP) was administered through an ear vein to facilitate collection of the milk samples but was not used for collection of colostrum.
Serum samples from six pigs per litter were collected by vena cava venipuncture at approximately 24 h after the birth of the first pig. Serum samples were also collected by vena cava venipuncture from a subset of pigs at weaning.
Laboratory Analysis
Blood was collected in clot-accelerating vacutainers, immediately placed on ice, and refrigerated at 4°C until centrifugation for separation of serum at 1,500 × g for 20 min at 4°C. Colostrum and milk samples were centrifuged at 9,700 × g at 4°C for 20 and 10 min, respectively, to separate fat from skim milk. The fat layer was removed and discarded. The skimmed colostrum and milk samples were centrifuged at 41,000 × g at 4°C for 45 and 20 min, respectively, to separate the whey fraction. Serum samples and whey fractions from colostrum and milk samples were stored at −4°C prior to immunological analysis.
Total and α-ovalbumin specific immunoglobulin (Ig) levels were measured for each Ig isotype. Total IgG, total IgM, α-ovalbumin IgG, and α-ovalbumin IgM were measured in all serum and colostrum or milk whey samples. Additionally, pig serum samples at 24 h of age were analyzed for α-ovalbumin IgA and colostrum or milk whey samples were analyzed for total IgA and α-ovalbumin IgA.
Total Ig levels were measured by radial immunodiffusion kits (Bethyl Laboratories, Montgomery, TX). Sample size was 5 µL for IgG and 10 µL for IgM and IgA. Incubation times for the specific isotypes were 19 h for IgG, 24 h for IgA, and 43 h for IgM. Three standards of known concentration were included on 33% of the radial immunodiffusion plates and diffusion diameters of the three standards were used to regress a line that was used to calculate sample concentration. Two samples of reference serum in which one was in the low range of the standards and one was in the high range of the standards were included on each plate to ensure quality control and the between-plate coefficient of variation was less than 5%. The linear range was 6.25 to 50.0 mg/mL for IgG, 0.80 to 6.45 mg/mL for IgM, and 0.50 to 5.0 mg/mL for IgA. The r 2 for the linear range of each isotype was 0.99. If sample diffusion diameter was larger than the highest standard, samples were diluted with PBS to one-fifth of their original concentration to ensure the diffusion diameter was within a linear range.
Specific α-ovalbumin Ig levels were measured with a seven-step ELISA. First, flat-bottomed, 96-well microtiter plates (Nunc MaxiSorp, Fisher Scientific, Pittsburgh, PA) were incubated for 60 min at room temperature with 100 µL of an ovalbumin solution containing 10 µg of ovalbumin (Grade VII, Sigma Chemical) per 1 mL of Na 2 CO 3 and washed twice (400 µL PBS with 0.1% Tween 20). Rows G, D, and A, with the exception of wells A1 to A4, did not receive the 100 µL ovalbumin solution so that they could serve as negative controls in which no serum was placed (wells A5 and A6) or background readings for the individual samples. Wells A1 to A4 served as positive controls in which a reference serum was analyzed in order to ensure quality control. Second, 250 µL of Tris buffer with 1% bovine serum albumin was incubated for 30 min at room temperature and washed twice. Third, 100 µL of sample was added in duplicate to ovalbumin-coated wells and as a singlet to a series of uncoated wells in a six-fold serial dilution. The beginning dilution was 1:400 for IgG, 1:16 for IgM, and 1:32 for IgA. Plates were incubated for 60 min at room temperature and washed twice. Fourth, 100 µL of horseradish-peroxidase conjugated antibody was added to the microplates, incubated for 60 min at room temperature, and washed three times. The IgG ELISA used α-pig IgG Fc fragment (Bethyl Laboratories) in a dilution of 1:19,163. The IgM ELISA used α-pig IgM µ chain (Bethyl Laboratories) in a dilution of 1:22,914. The IgA ELISA used α-pig IgA α chain (Bethyl Laboratories) in a dilution of 1:9,782. Fifth, 100 µL of enzyme substrate containing 0.454 mg o phenylenediamine and 1.8 µL of H 2 O 2 /mL of phosphate-citrate buffer (0.05 M buffer with 0.014% H 2 O 2 ) was added to the microplates and incubated for 15 min at room temperature. Sixth, the enzymatic reaction was stopped with 100 µL of 2 M H 2 SO 4 . Seventh, the optical density (OD) was read at 490 nm. Following the completion of the ELISA, the OD readings for each sample at each dilution were corrected by subtracting each sample's background reading from the wells left uncoated by ovalbumin solution at the corresponding dilution. The corrected OD readings were used to generate a curve from which the area under the curve (AUC) was calculated. The withinplate coefficient of variation was less than 3, 3, and 4.5% for IgG, IgM, and IgA, respectively, and the between-plate coefficient of variation was less than 8, 12, and 8% for IgG, IgM, and IgA, respectively.
Statistical Analysis
Data were analyzed by least squares analysis of variance using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC). The model was Y = k + a i + b j + (c(b)) kj + (a*b) ij + e ijk , where k = constant, a i = 0 or 200 ppb Cr, b j = parity 1 or 2, c(b) ik = farrowing group 1 through 5 within parity, a*b ij = treatment × parity interaction, and e ijk = error term. Each sow and litter within a parity was considered an experimental unit. Outlier analysis was performed for litter data having greater than 20% CV. Within a litter, the outlier was identified by sequentially meeting four criteria: 1) the average changed greater than 7.5% and the CV changed greater than 25% upon exclusion of the outlier; 2) the average changed greater than 15% or the CV changed greater than 35% upon exclusion of the outlier; 3) the difference between the outlier and corrected average was greater than 30% of the corrected average; and 4) the difference was greater than 30 percentage units between the corrected average and the high or low value as a percentage of the corrected average. Fewer than 25% of litters were corrected for outliers.
Results
Reproductive Performance
Reproductive performance criteria were not analyzed statistically because of the small number of sows used in the experiment. Number of pigs born, born alive, and weaned were 8.9, 8.3, and 7.9, respectively, in parity 1 and 9.0, 8.3, and 7.8, respectively, in parity 2. Litter weights of total pigs born, pigs born alive, and pigs at d 21 were 12.3, 11.7, and 45.0 kg, respectively, in parity 1 and 13.2, 12.7, and 44.7 kg, respectively, in parity 2. However, number of pigs weaned and litter weight at d 21 included pigs cross-fostered from sows not participating in this experiment. A total of 25 pigs in parity 1 and 5 pigs in parity 2 were cross-fostered onto the experimental sows. Lactation weight change to d 21 of lactation was 1.81 kg gain, backfat change to d 21 of lactation was 0.9 mm loss, and days to estrus were 5.2 d in parity 1. In parity 2, gestation weight gain was 32.7 kg, lactation weight change to d 21 was 5.49 kg gain, backfat change to d 21 of lactation was 0.5 mm loss, and days to estrus were 4.9 d.
Actual Protocol Timing
Immunization of sows with ovalbumin was scheduled to occur 21 d prior to anticipated parturition and was successful; actual average timing occurring 19.5 d prior to parturition in parity 1 and 21.0 d prior to parturition in parity 2 (Table 3) .
Milk was collected by manual expression of equal amounts of milk from all functional teats with the exception of colostrum, which was collected only from teats that had not been suckled. No significant difference in protein or lactose concentration in skim milk was found between fore and hind milk samples in sows, suggesting that an unbiased estimate of protein or lactose can be obtained at any time during a particular milk ejection (Atwood and Hartmann, 1992) . Collection of colostrum occurred about 1 h following the birth of the first pig (Table 3) . Thus, the sample should be representative of the composition of colostrum at the beginning of parturition. Early milk was collected on d 6 of lactation and late milk was collected on d 18 or 19 of lactation (Table 3) . Collection of early milk was timed to coincide with the establishment of mature milk secretion. Colostrum gradually accumulates in the mammary gland during late gestation, followed by dramatic changes during the first 2 to 3 d postpartum. After approximately 1 wk, milk can be regarded as mature milk. The major changes in gross composition from colostrum to mature milk are substantial decreases in total solids and protein concentrations accompanied by increasing lactose and fat concentrations Csapó et al., 1996) . Collection of late milk was timed to occur close to the time of weaning, which occurred on d 22 of lactation in parity 1 and d 19 of lactation in parity 2.
Neonatal blood sampling occurred approximately 24 h after the birth of the first pig ( 
Time Course of Immunoglobulin Concentration
Levels of total serum IgG declined numerically in sow serum prior to parturition (Table 4) . Production of colostrum begins in the sow during the last 2 wk of pregnancy (Delouis, 1978) . The majority of colostral immunoglobulin is derived by selective transport from the serum and results, at least immunologically, in colostrum being viewed as a transudate from serum rather than a true local secretion Stokes and Bourne, 1989) . The selective transport is associated with a decrease in serum IgG levels corresponding to the greatest increase in colostral concentration (Delouis, 1978) ; minimal serum levels were reported to be reached on the day of parturition (Holland, 1990 ).
In contrast, total serum IgM declined continuously throughout late gestation and lactation and may be associated with a general decreased immunological function during times of physiological stress. For example, antibody production in calves in response to an antigen given 1 wk prior to weaning vs at weaning produced a higher antibody titer. The higher titer was associated with a lower blood cortisol level, which suggests that the stress of weaning and subsequent cortisol production may suppress Ig production (Roth and Kaeberle, 1982) . Transfer of sows from the gestation barn to the farrowing barn may result in the exposure of the sows to a new set of pathogens and, thus, a decreased IgM level due to stress-induced immunosuppression would be expected prior to a decreased IgG level because IgM is the major isotype of primary immune responses (Janeway and Travers, 1994) .
Chromium Effect on Immunoglobulin Concentration
Total serum IgG and IgM concentrations were higher (P < 0.10) in +Cr sows than in −Cr sows 3 wk prior to parturition (Table 4 ). No differences (P > 0.15) in total serum IgG and IgM were detected for the remainder of gestation and lactation. Total IgG 1 and IgM has been reported to increase after transport stress in calves supplemented with high-Cr yeast (Chang and Mowat, 1992; Moonsie-Shageer and Mowat, 1993) , but total IgM has also shown no change with Cr supplementation from either high-Cr yeast (Moonsie-Shageer and Mowat, 1993) or Cr nicotinate (Kegley and Spears, 1995; Kegley et al., 1997) in transport-stressed calves. Total IgG was increased in stressed feeder calves receiving supplemental Cr nicotinate (Kegley and Spears, 1995) ; however, total IgG has also been decreased by supplementation of Cr nicotinate (Kegley et al., 1997) . A clear pattern of improvement in immunocompetence with Cr supplementation has not been demonstrated by the assessment of total Ig. Serum IgG antibody response to ovalbumin was not affected by Cr, but serum IgM response beginning the week prior to parturition was decreased (P < 0.10) in the +Cr sows (Table 5) . These results are in contrast to many studies investigating specific immune responses in cattle receiving Cr supplementation. HighCr yeast supplementation of stressed calves increased antibody production in response to human red blood cells (Moonsie-Shageer and Mowat, 1993) and ovalbumin (Chang et al., 1996) 14 d after immunization. Supplementation of chelated Cr to stressed calves increased antibody production in response to infectious bovine rhinotracheitis (Burton et al., 1994) and bovine viral diarrhea (Chang et al., 1996) . Additionally, the number of calves responding to vaccination against infectious bovine rhinotracheitis (Burton et al., 1994) and bovine viral diarrhea (Chang et al., 1996) was increased by supplemental Cr. Chelated Cr supplementation has also increased antibody production in response to ovalbumin in periparturient dairy cows. The most notable effects were seen during late gestation, at parturition, and near the time of peak milk yield, which are all periods of physiological stress (Burton et al., 1993 ). Antibody production in cattle has been measured in response to several other antigens, wherein no effect of Cr was noted; thus, the idea that the immunomodulatory role of Cr may be antigen-dependent has been established (Chang et al., 1996) .
Supplementation of Cr nicotinate to weanling pigs decreased antibody production in response to ovalbumin when measured 14 d following immunization (van Heugten and Spears, 1997) and would seem to corroborate the decreased IgM response seen in this study. However, IgG was the primary isotype detected by van Heugten and Spears (1997). They used sheep red blood cells to detect an IgM response, and supplementation with Cr nicotinate resulted in an increased antibody (i.e., IgM) production. Supplementation with Cr chloride or Cr picolinate (as in this study) did not affect antibody response to either ovalbumin or sheep red blood cells in weanling pigs (van Heugten and Spears, 1997) .
The effect of Cr tripicolinate on total and specific (Tables 6 and 7) immunoglobulin concentration in sow serum was mirrored by the concentrations in colostrum, because approximately 90% of the immunoglobulins in colostrum are serum-derived . No effect (P > 0.15) of Cr was seen on the concentration of colostral immunoglobulins, with the exception of a decreased (P < 0.05) IgM α-ovalbumin response for the +Cr sows (Table 7) .
No effect of Cr (P > 0.15) was seen for total (Table 6 ) or specific (Table 7) immunoglobulin concentrations in sow milk. In agreement with other experiments, total IgG, IgM, and IgA decreased by 94, 60, and 64%, respectively, during the 1st wk of lactation (Table 6 ). During the 1st wk of lactation, IgG decreased by 97% (Curtis and Bourne, 1971) , 94% (Frenyó et al., 1981) , or 98% ; IgM decreased between 63% (Curtis and Bourne, 1971 ) and 80% ; and IgA decreased between 65% (Curtis and Bourne, 1971) and 77% . The variation in the percentage decrease between the isotypes caused a shift in the predominant immunoglobulin in colostrum vs mature milk. In this experiment, the ratio of IgG:IgM:IgA was 81:8:11, 41:26:33, and 41:25:34 in colostrum, milk during the 1st wk of lactation (early milk), and milk during the 3rd wk of lactation (late milk), respectively. The ratio for colostrum was close to previously reported ratios, but the ratios for early and late milk were considerably different. The ratios between IgG:IgM:IgA ranged from 83:4:13 (Curtis and Bourne, 1971 ) and 76:7:17 in colostrum to 5.3 ± 0.2 5.5 ± 0.1 NS Neonatal pig serum 36.5 ± 0.2 36.8 ± 1.5 NS Weaning pig serum 10.9 ± 0.1 9.6 ± 1.0 NS Total IgM, mg/mL Colostrum 8.5 ± 0.9 8.6 ± 0.8 NS Early milk (1st wk of lactation) 3.4 ± 0.4 3.3 ± 0.3 NS Late milk (3rd wk of lactation) 3.0 ± 0.4 3.5 ± 0.4 NS Neonatal pig serum 5.3 ± 0.6 5.5 ± 0.5 NS Weaning pig serum 2.7 ± 0.6 1.6 ± 0.5 NS Total IgA, mg/mL Colostrum 11.2 ± 0.9 12.7 ± 0.8 NS Early milk (1st wk of lactation)
4.4 ± 0. 29:18:53 (Curtis and Bourne, 1971 ), 25:15:60 (Bourne and Curtis, 1973 ), and 19:22:59 (Klobasa and Butler, 1987 in milk after the 1st wk to 26:17:57 Bourne, 1971) and 12:18:70 (Klobasa and in milk after 3 wk of lactation.
No effect (P > 0.15) of Cr was seen on neonatal or weaning pig serum total immunoglobulin concentrations (Table 6 ). Neonatal total serum IgG levels were 60% higher, total serum IgM levels were 50% lower, and total serum immunoglobulins (IgG + IgM) were 21% higher than the levels measured in the sows. Within 24 h of birth, serum immunoglobulin concentrations should approach adult levels if acquisition and absorption of colostral immunoglobulins were successful (Holland, 1990; Blecha, 1998) . Serum immunoglobulin levels 20% in excess of adult levels have been reported at 24 h of age (Curtis and Bourne, 1971) . Immunoglobulin levels fell for the remainder of the suckling period, as would be expected from the half-lives of immunoglobulins and the minimal de novo synthesis that occurs during the first 10 to 12 d of life for IgG and IgA . Total serum IgG and IgM levels were 30 and 40%, respectively, lower at weaning than at 24 h of age. Similar to the mechanism by which colostrum concentrations of immunoglobulins mirrored the serum concentrations of the sow, the neonatal pig serum total (Table 6 ) and specific (Table 7) immunoglobulin concentration were dependent on colostral concentration. This was most apparent when comparing α-ovalbumin antibodies in neonatal pig serum and colostrum. Not only do the treatment averages compare well, but with very few exceptions the concentration of α-ovalbumin antibodies in the sow's colostrum was almost identical to the concentration of α-ovalbumin antibodies in all of her neonatal pigs (data not shown). The concentration of immunoglobulin in neonatal pig serum has been found to be directly proportional to the concentration found in colostrum (Stott and Fellah, 1983) . 
Parity Effect on Immunoglobulin Concentration
Total serum IgG was increased 3 wk prior to parturition (P = 0.04) and tended to be increased during the 3rd wk of lactation (P = 0.11) in parity 2. Total serum IgM tended to be increased (P = 0.09) during the 3rd wk of lactation in parity 2 (Table 8) . It has been reported that 3 wk prior to parturition serum levels of IgG were 36% lower in first-parity sows than in sows bearing their 2nd through 10th litters (Klobasa et al., 1986) and was greater than the 12% lower levels in parity-1 sows seen in this experiment. Similarly, serum IgM was 30% lower in first-parity sows during the 4th wk of lactation (Klobasa et al., 1986) and was again much greater than the 18% lower levels seen in this study. However, the larger differences between primiparous and multiparous sows in the previous experiments were probably simply the result of a greater antigenic exposure in the higher-parity sows (Klobasa et al., 1986) .
Serum IgG antibody response on d 0 and 14 and IgM antibody response on d 0 to ovalbumin were substantially increased in parity 2 (P = 0.0001 and P = 0.02, respectively; Table 9 ). This was expected, because each 3.4 ± 0.4 3.1 ± 0.4 NS Neonatal pig serum 5.0 ± 0.5 5.8 ± 0.6 NS Weaning pig serum 1.5 ± 0.6 2.8 ± 0.6 0.10
Total IgA, mg/mL Colostrum 11.9 ± 0.7 11.9 ± 0.9 NS Early milk (1st wk of lactation)
4.3 ± 0. sow participating in parity 2 was required to complete the immunization protocol during her first parity, and immunological memory allows the immune system to respond more quickly and dynamically upon second and subsequent exposures to a particular antigen (Abbas et al., 1994) .
Total IgG levels in colostrum and serum IgG levels followed a similar pattern in that sows had lower concentrations in their first parity than in their second parity (P = 0.06, Table 10 ). Concentrations of IgG in colostrum were 13% lower in parity-1 sows, which was similar to the 24% lower colostral IgG levels in firstparity animals reported by Klobasa et al. (1986) at 12 h after parturition. The higher IgG levels in colostrum for parity 2 were reflected in 18% higher serum IgG levels in the neonatal pigs from parity-2 sows (Table  10) . Pigs from multiparous sows had 19% higher IgG levels at 12 h of age than did pigs from first-parity sows (Klobasa et al., 1986 ). The difference in IgG level in the pigs was seen through weaning; pigs from parity-1 sows had a 46% lower IgG level at 25 d of age (Table 10) . Similarly, pigs at 28 d of age from first-parity sows had 42% lower IgG levels (Klobasa et al., 1986) . No differences (P > 0.15) were detected for total IgM and IgA levels in colostrum, milk, or neonatal pig serum.
Colostral IgG, IgM, and IgA antibody levels in response to ovalbumin followed the same pattern between parities as sow serum concentrations (Table 11) . Parity-2 sows had a much greater (P < 0.01) antibody concentration in colostrum than parity-1 sows. The concentration of α-ovalbumin antibodies in neonatal pig serum (Table 11) were very similar to the concentration in colostrum and decreased for the remainder of the suckling period, as was discussed in the section on Cr effects.
Implications
The protocol used was successful and may be useful in future experiments that assess effects on specific antibody transfer to the neonate. Parity influenced total and specific immunoglobulin concentration in the milk and its transfer to the neonate. However, supplementation of Cr tripicolinate appears to have minimal effects on total immunoglobulin concentration and antibody response to ovalbumin in the sow and neonatal pig.
